The testis is completely surrounded by a dense, fibrous connective tissue membrane termed the tunica albuginea. It converges at the posterior surface of the testis and is reflected interiorly as a vertical septum known as the mediastinum testis. The tunica vaginalis is a peritoneal sac that lines the inner walls of the scrotum, covering each testis and epididymis. It is composed of two layers, parietal and visceral. The parietal layer is the inner lining of the scrotal wall. The visceral layer covers the testis and epididymis. The space between these two layers of the tunica vaginalis normally contains a small amount of fluid. Hydroceles form in this space. A bare area exists where the tunica vaginalis does not cover the posterior aspect of the testis.
Arterial Supply of the Scrotum
The blood supply to the scrotum is derived from three vessels: the testicular, deferential, and Sonographically, the testis appears as a homogeneous gland with smooth borders. In cross section, the mediastinum testis (arrow) is seen as a rounded, hyperechoic structure. cremasteric arteries. The testicular artery arises from the abdominal aorta just below the level of the renal artery on each side. It courses through the spermatic cord to the mediastinum testis, where it branches into capsular arteries. The capsular arteries give origin to the centripetal arteries, which course through the testicular parenchyma toward the mediastinum (Figs. 4, 5, and 6).
Near the mediastinum, the centripetal arteries branch into the recurrent rami (centrifugal arteries), which travel in the opposite direction. The transtesticular artery is a common anatomic variant. It is a branch of the capsular or testicular artery, which enters the mediastinum directly and courses in the opposite direction of the centripetal arteries. The transtesticular artery is larger than centripetal arteries and is easily recognized by sonography. It is usually accompanied by a large vein.
The cremasteric artery arises from the inferior epigastric artery and courses through the spermatic cord to feed the peritesticular tissues. It joins with the testicular artery at the mediastinum. The deferential artery also travels through the spermatic cord with the testicular and cremasteric arteries. It arises from the vesicular artery and supplies the epididymis and vas deferens.
Venous Anatomy of the Scrotum
Venous drainage of the testis, the pampiniform plexus, exits from the mediastinum testis and courses in the spermatic cord. The pampiniform plexus converges into three sets of anastomotic veins: the testicular, deferential, and cremasteric. The right testicular vein drains into the inferior vena cava, and the left testicular vein joins the left renal vein. The deferential vein drains into the pelvic veins, and the cremasteric vein drains into tributaries of the epigastric and deep pudendal veins.
Sonographic Technique
It is important to obtain the pertinent patient history before beginning the examination. Ask the patient if he has pain, where, and for what duration. Is swelling present? Can he feel a lump? If so, ask the patient to show you exactly where the lump is so that you can scan precisely in the area of palpation. Has the patient ever experienced this pain before? Is he being treated with antibiotics? Obtain the pertinent surgical history. Has the patient had a vasectomy? How long ago was the surgery? These questions will help to target the examination and provide important information to the interpreting physician. Once the history is obtained, explain the procedure to the patient. The patient is asked to lie in the supine position on the stretcher or table. Care is taken to ensure the patient is as comfortable as possible. The penis is placed on the abdomen and covered with a towel. Ask the patient to place his legs close together to provide support for the scrotum. Alternatively, the scrotum may be supported with a rolled towel. Positioning the legs close together will usually provide enough support and is more comfortable for the patient in pain.
Sonographic imaging is obtained with a highfrequency, linear array transducer of 7 MHz or greater. The highest frequency that allows adequate penetration should be used. This will maximize spatial resolution and improve image quality. Scanning features such as compound imaging, harmonics, and multizone focus should be used when available to further enhance image quality.
A generous amount of warm gel is applied to the scrotum. Images are obtained in both transverse and sagittal planes with care taken to image throughout the length and width of each testis and epididymis. Comparison of size and echogenicity between sides is important ( Fig. 7) .
Color Doppler plays a very important role in the sonographic evaluation of the scrotum. Color Doppler equipment should demonstrate adequate sensitivity to detect intratesticular flow in all normal patients. Optimization of color Doppler parameters is essential to detect the presence of slow flow. This includes use of low-pulse repetition frequency (PRF) and wall filter settings. Increasing the packet size (number of sound pulses per line) improves sensitivity to flow and the signal-to-noise ratio. Use of high Doppler frequencies improves demonstration of slow flow but decreases penetration. Color gain should be maximized to the background noise limit to improve visibility of the small intratesticular vessels.
Power Doppler is a beneficial tool in evaluation of the scrotum. Because aliasing is not displayed with power Doppler, the PRF can be reduced to improve sensitivity without detrimental effect. In addition, its superior edge detection enhances the vascular display, resulting in excellent demonstration of testicular vascular anatomy ( Fig. 8) .
Spectral Doppler can be used to differentiate arterial from venous flow and characterize arterial resistance. Doppler waveforms obtained from the capsular and intratesticular arteries show low-resistance profiles characterized by high-end diastolic flow velocities. The resistive index (RI) and pulsatility index (PI) measurements obtained from these arteries show low values indicative of the low resistance to blood flow ( Fig. 9 ). Waveform analysis of the arteries within the spermatic cord may show either low-or high-resistance patterns as the vessels are intertwined. The testicular artery demonstrates a low-resistance waveform, whereas the cremasteric and deferential arteries will show high-resistance waveforms (very little diastolic flow with high RI and PI values).
Epididymo-Orchitis
Epididymo-orchitis is the most frequent cause of acute scrotal pain. Infection begins in the epididymis and then commonly extends to the testis. The infection occurs through a retrograde ascent from the bladder or prostate via the urethra. Epididymitis most often affects men between the ages of 20 and 30 years. This group tends to be older than those typically affected with torsion.
Mild cases of epididymitis may show no sonographic findings. In severe epididymitis, sonography will show a swollen epididymis. Hyperechoic areas may be seen within the gland, or the entire epididymis may be hyperechoic. Hypoechoic or anechoic areas usually represent abscess or necrosis. Scrotal wall thickening is seen in severe cases. A reactive hydrocele is usually present (Figs. 10 and 11 ). If the testis is involved, it will appear enlarged and hypoechoic in comparison to the contralateral side.
Focal orchitis may be difficult to distinguish from testicular tumor. It appears as an area of hypoechoic or mixed echogenicity within the testis. Hyperemic flow is seen with color Doppler unless abscess formation has occurred. Fortunately, focal orchitis is uncommon.
Color Doppler is extremely helpful in evaluation of epididymo-orchitis as B-mode findings may overlap with those found in other conditions. Color Doppler demonstrates increased flow and enlarged vessels in the epididymis and testis compared to the contralateral side (Fig. 12) . The vessel architecture is not disrupted as in tumor flow. With abscess formation, color depicts an absence of flow in the affected area with increased flow in the surrounding inflamed tissue. Power Doppler may show greater sensitivity in detecting mild cases of epididymitis or orchitis. 
Torsion
Testicular torsion primarily occurs in a younger patient population than epididymo-orchitis, usually involving those between the ages of 12 and 18. Patients present with acute scrotal swelling and pain. Early surgery is important and must occur within the first 12 hours to avoid infarction. After 12 hours, only 20% of testes will be salvaged. The sonographic study should be performed promptly.
The "bell clapper" deformity is a predisposing factor in torsion. In this condition, the tunica vaginalis completely surrounds the testicle. Because it is not fixed in position, torsion of the spermatic cord is more likely. This anatomic variant is almost always bilateral, increasing the likelihood of torsion of the contralateral testis. Torsion is preceded by trauma, sex, or strenuous activity in 60% of cases and is more common in cold weather, presumably secondary to contraction of the cismasteric muscle. Many patients will report previous occurrences of similar pain that spontaneously resolved.
The B-mode appearance in torsion overlaps with other conditions (Fig. 13 ). Within the first 12 hours, enlargement of the epididymis and testis is seen (Fig. 14) . The testis is hypoechoic. A hydrocele may be present, and thickening of the scrotal wall may be seen. Following 24 hours, the testis becomes heterogeneous with areas of mixed echogenicity due to infarction and hemorrhage.
Color Doppler imaging provides findings specific to torsion. A total absence of parenchymal flow is seen on the affected side, with normal flow demonstrated in the contralateral testis. Hyperemia of the scrotal wall may occur with prominent color Doppler signals present (Fig. 15 ). Color Doppler parameters must be sensitized for the detection of slow flow. Comparison of findings from side to side with the same color settings confirms adequate Doppler sensitivity if normal flow is detected in the unaffected testis.
Varicocele
Varicoceles are dilated veins of the pampiniform plexus (Fig. 16 ). Most occur due to incompetent valves of the testicular vein. Other etiologies include renal vein thrombus or tumor extension on the left side. Varicoceles have been shown to be associated with infertility. They are much more common on the left than the right. Veins larger than 2 mm in the supine position or 2.5 mm in the standing position are considered to be abnormal. It is best to overdiagnose rather than underdiagnose varicoceles in the fertility patient so as not to misdiagnose a potentially treatable cause of infertility.
B-mode imaging usually displays most large varicoceles. Improved visualization can be achieved by performance of the Valsalva maneuver or scanning the patient in an upright position. Color or power Doppler is definitive in delineating the dilated veins and differentiating varicocele from other anechoic extratesticular structures. 
Hydrocele
A hydrocele is an abnormal collection of serous fluid between the layers of the tunica vaginalis. Hydroceles are either simple or complex. Simple hydroceles contain no cells and are therefore anechoic on B-mode imaging. They do not contain internal septations (Fig. 17) . Small simple hydroceles may be idiopathic or associated with testicular neoplasm. When using high-frequency transducers, minute particles are often seen "floating" within a hydrocele. These tiny particles are of no clinical significance and probably represent cholesterol crystals. Harmonic imaging will further enhance the visibility of these echoes.
Complex hydroceles contain inflammatory cells or blood. They may contain prominent internal echoes on B-mode images. Septations may be present. These hydroceles are due to inflammation or trauma. Internal echoes seen within a hydrocele following scrotal trauma are indicative of a hematocele. In the presence of infection, internal echoes within a hydrocele probably represent a pyocele.
Testicular Microlithiasis
Testicular microlithiasis is a rare condition that may be associated with cryptorchidism, Klinefelter syndrome, or infertility, but its most significant association is with an increased risk for testicular neoplasm. It is also seen in patients with no scrotal pathology or other related findings. B-mode images show tiny echogenic foci throughout the testis (Fig. 18 ). Findings are symmetrical, usually involving both testes. Shadowing is not present. Color and power Doppler do not provide important clinical information in testicular microlithiasis.
Testicular Neoplasms
The most important role of sonography in evaluating scrotal tumors is to determine whether the mass is intratesticular or extratesticular. Extratesticular masses are almost always benign. Intratesticular masses may be benign or malignant. Primary testicular malignancies are found most often in the 25 to 35 age group. They are the most common solid tumor in men between 25 and 35 years of age.
Signs of malignancy in intratesticular masses include an irregular shape of the testis and the appearance of normal parenchyma around the mass (Fig. 19) . The presence of a large hydrocele is uncommon in malignancy and usually indicates a benign condition. Small hydroceles are a common feature of testicular cancer. The presence of a swollen epididymis or scrotal wall swelling in combination with a testicular mass is suggestive of orchitis rather than tumor. Color or power Doppler may show disorganized hyperemic blood flow around a malignant tumor (Fig. 20) . However, small tumors (< 1.5 cm) may not demonstrate typical tumor vascularity. All intratesticular masses are malignant until proven otherwise.
Germ Cell Tumors
Germ cell tumors comprise 93% to 95% of all testicular tumors. The most common germ cell tumor is seminoma (40%-50%). Nonseminomatons germ cell tumors include embryonal carcinoma, teratoma, choriocarcinoma, yolk sac tumors, and others. Seminomas are the least aggressive germ cell tumors. They are very radiosensitive, and stage 1 seminomas have a high cure rate (95%-100%).
The characteristic sonographic appearance of seminoma is that of a predominantly hypoechoic mass. They show well-demarcated margins and are frequently multifocal (Fig. 21) . A homogeneous echo texture is usually present, although large seminomas may show bright areas due to internal hemorrhage ( Fig. 22 ).
Conclusion
Scrotal sonography provides rapid and accurate identification of abnormalities. A thorough knowledge of normal anatomy as well as pathologic variants will aid in the timely diagnosis of pathology. 
